where Af is the bandwidth of the measurement and k is Boltzmann's constant.
Despite the simple thermodynamic relation behveen the measured signal and temperature, the accuracies achieved to date with the best JNT systems have not been comparable to that of currently used gas-based thermomehy techniques. In previous INT system designs the accuracy has been limited by the non-ideal performance of the electronic measurement system. In the most successful J N T system developed by Brixby, et al. [Z] , a switched input digital correlator is used to compare the voltage of a resistor held at an unknown temperature with that of a resistor held at a known, calibrated temperature. In order lo reduce systematic errors, the noise power to the correlator electronics is kept constant by keeping RT constant in the measurements.
We are developing a JNT measurement system [3] MHz by a 14-bit analog-to-digital converter. Fieldprogrammable gate arrays (FPGAs) at the output of the digitizers then digitally filter the signal with a low-pass frequency of 1OOkHz. The digitally filtered data are transmitted via a 50 megahitk optical link into a custom PCI card installed in a computer. Each channel transmits approximately 2 million samples per second. In the current system, a dual CPU computer is used to calculate two 2 'Conhibution of the Natioaal lnsti~te of Standards and Technology, not subject to copyright. Switched inputs allow the QVNS to be substituted for the passive resistor to calibrate the gain and frequency response of the electronic system. The QVNS generates a constant power spectral density that can be precisely calculated and set to any desired value to match the voltage noise at any arbitrary temperature.
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& & s Figure 2 shows an averaged cross-correlated specmm from a 100 R resistor at the mple point of gallium (-302.916K) in arbitrary units (digitizer bins). The spectmm is an avenge of 4096 traces with frequency bins spaced at -32 Hz. The lowfrequency knee is from the ac coupling of the readout electronics. The rolloff at 100 kHz is from the digital filters in the FPGAs. Figure 3 shows an averaged cross-correlated spect" from the QVNS. This is also an average of 4096 spectra with frequency bin size -32 Hz. The tones are a sequence of harmonics of the fundamental tone which is -5.122 kHz.
Each tone has the same -137 nV, amplitude but random relative phase. At this time we also see background noise contaminating the specmm from electromagnetic interference (EMI). The non-EM1 noise power between the tones decreases as expected with an increasing number of averages from the correlator.
We plan to use the QVNS in two different measurement modes. In the absolute measurement mode, the spectral density of the QVNS power is calculated from first principles and directly compared to the noise power from the resistor.
From Eq. I, a thermodynamic temperature measurement of the resistor can then be made without a fixed-point reference. In the relative measurement mode, the Johnson noise power at both a known temperature and an unknown temperature is balanced with two different Josephson synthesized noise powers. The ratio of the unknown to known temperature is then given by the ratio of the Josephson-noise powers. This second method should be less sensitive to systematic errors.
Conclusions
In summary, we are developing a new type of Johnson noise thermometer that uses a quantum voltage noise source as a calibration reference for the readout electronics. We have measured both a sense resistor and a Josephson array using recently constructed cross-correlation electronics.
Preliminary data indicate that wiring to the QVNS must be improved to reduce EM1 and preserve signal integrity. Further work is also being done to improve the QVNS so that a higher density of tones can be generated to more closely approximate the Johnson noise from the sense resistor.
